progressive or late-onset dysphagia, dysphonia and speech impairment (Payakachat, Ounpraseuth, & Suen, 2013) . The physiological basis for these chronic side effects has historically been attributed to the effects of definitive radiotherapy and chemo-radiotherapy, particularly the influence of tissue fibrosis and neuropathy (King, Dunlap, Tennant, & Pitts, 2016) . However, there is now emerging evidence to suggest that the presence of head and neck lymphoedema (HNL) may also contribute to these chronic side effects for some patients Jackson et al., 2016; .
Head and neck lymphoedema is evidenced by the abnormal swelling and accumulation of protein-rich fluid within the interstitial spaces (Murphy, Gilbert, & Ridner, 2007) , and may result from the obstruction of the lymphatic vessels, or the removal or damage of the lymphatic structures (McGarvey, Osmotherly, Hoffman, & Chiarelli, 2013) . Up to 90% of patients with HNC may experience some form of HNL three months post-treatment . This lymphoedema may be external (i.e., on the face or neck), internal (i.e., within the oral cavity, pharynx or larynx), or a combination of both . HNL that does not spontaneously resolve and is left untreated, may ultimately progress and result in the development of fatty tissue deposits and contribute to the development of fibrosis Lewin, Hutcheson, Barringer, & Smith, 2010; Ridner et al., 2016) .
Patients with HNL may experience a wide range of physical, functional and psychological symptoms. Patients have been shown to encounter altered sensation within the head and neck region causing tightness, heaviness and hardness of the skin Deng et al., 2015; McGarvey et al., 2013) ; reduced range of movement in the neck Deng et al., 2015 McGarvey et al., 2013; Tacani, 2014) ; difficulties with breathing (Bruns et al., 2004; Micke et al., 2003; Murphy & Ridner, 2010) ; trismus; and blurred vision . Patients who experience HNL are also known to experience negative effects on quality of life, body image and reduced socialisation (Brake et al., 2014; Bruns et al., 2004; McGarvey et al., 2013; Micke et al., 2003; Smith et al., 2015) .
In addition to these changes, preliminary evidence indicates that HNL may also negatively impact swallowing, voice and speech function Jackson et al., 2016; Piso et al., 2001; Smith et al., 2015) . recently administered the Lymphoedema Symptom Intensity and Distress Survey: Head and Neck (LSIDS-H&N) to a cohort of 30 patients with HNL. Their results indicated that 53.3% reported some form of dysphagia, 56.7% reported some form of dysphonia, and 40.0% reported some form of speech imprecision and reduced intelligibility; thereby confirming the co-occurrence of dysphagia, dysphonia and speech impairment in patients with HNL. Subsequent studies, however, have demonstrated a more clear and potential causal relationship between dysphagia and dysphonia, and the presence of HNL Jackson et al., 2016) . Jackson et al. (2016) showed that HNL that occurred at a number of specific internal sites was more likely to result in laryngeal penetration and aspiration, and changes in functional diet status. Whilst, reported an association between the severity of HNL and increased self-reported dysphagia and dysphonia. Two qualitative studies have also noted these issues McGarvey et al., 2013) , with one patient commenting that "my tongue swelling, it impacted my speech… it impacted my ability to eat" (Deng et al., , p. 1271 . Such studies have suggested that patients may also perceive a link between their HNL and their swallowing, voice and/or speech function.
These studies have suggested that swallowing, voice and/or speech function may be influenced by the presence of HNL; however, there is currently limited information about the specific nature of these deficits and how patients perceive their HNL to influence their function. The aim of this study is to explore the experiences of patients with HNC who have HNL following treatment, and examine their perceptions of the impact of HNL on their swallowing, voice and speech function. The clinical objective of this work is to provide a greater understanding of the nature and extent of the swallowing, voice and speech issues experienced by patients with HNL in order to assist with more informed patient management.
| ME THODS

| Research strategy
A qualitative methodology using an interpretive description approach (Thorne, Kirkham, & MacDonald-Emes, 1997 ) was used to explore the impact of HNL on swallowing, voice and speech function. An interpretive description approach was purposively selected as it is driven by existing knowledge, science and clinical observation (Thorne, Kirkham, & O'Flynn-Magee, 2004) . Interpretive description accepts what is already known about a clinical phenomenon and thereby acts as a knowledge building process (Thorne et al., 2004) .
It allows for more informed questioning and interpretation, and aims to investigate specific research questions that quantitative methods are unable to adequately address (Hunt, 2009) . Investigators are able to draw on their existing knowledge to capture patient's perceptions of health conditions and services; whilst also pursuing new patient experiences as they unfold (Thorne et al., 2004) . This process allows for a deeper understanding of the issues in question (i.e., the impact of HNL on swallowing, voice and speech function) and also generates knowledge relevant to the clinical context.
| Sampling
Participants were prospectively recruited through the Radiation Oncology Clinic at the Calvary Mater Hospital Newcastle, Australia
(1 March 2016-18 January 2017). All participants were enrolled in a larger quantitative study examining HNL, and were considered eligible for this qualitative component if they met the following criteria: (a) they had a diagnosis of oral, nasopharyngeal, oropharyngeal, laryngeal or hypopharyngeal cancer; (b) they were a minimum of three months post definitive radiotherapy, postoperative radiotherapy, or chemo-radiotherapy; and (c) they were currently experiencing some form of HNL as determined by a transnasal laryngoscopy and head and neck examination. Participants were excluded if they:
(a) were treated with palliative intent; (b) had experienced cancer recurrence within the head and neck region; (c) had undergone any surgical or laser resection involving the supraglottic or glottic larynx; (d) had pre-existing comorbidity factors that may result in HNL (e.g., trauma), or impact swallowing, voice or speech function (e.g., neurological injury or insult); or (e) were unable to provide informed consent. Participants were approached to participate in this study using a convenience sampling strategy. All participants had a former, professional relationship with the primary investigator who acted as the interviewer, due to their enrolment in the larger quantitative study. They were approached face-to-face and were aware, through the information and consent process that the interview would focus on the presence of HNL and its impact on swallowing, voice and speech function. Twelve participants were approached and all consented to be interviewed. Consent saturation was used as a criterion for discontinuing recruitment and data collection (Saunders et al., 2017) ; and as such, no sample size target was set (Boddy, 2016 
| Participant characteristics
Prior to participating in the interview process and as part of the larger quantitative study, participants underwent a transnasal laryngoscopy and head and neck examination to determine the location (i.e., external, internal or combined) and severity of their HNL. The transnasal laryngoscopy was performed by the participant's treating radiation oncologist; whilst the head and neck examination was undertaken by the primary investigator, who is a practicing speech pathologist and has undergone training in HNL assessment. The primary investigator assessed the participant's HNL with two scales.
Patterson's Scale (Patterson, Hildreth, & Wilson, 2007) was used to assess the location and severity of internal HNL. This scale includes 11 laryngopharyngeal structures and two spaces; and ratings of normal, mild, moderate, or severe are applied to each structure or space.
It has demonstrated moderate agreement for interrater reliability and very good agreement for intrarater reliability. The MD Anderson Cancer Centre (MDACC) Lymphoedema Rating Scale ) was used to assess external HNL. This is a five-point staging scale based on the International Society of Lymphology Rating Scale (International Society of Lymphology, 2013). It has been adapted for use in the head and neck region and allows for subtle presentations of external HNL to be captured. Additional patient demographics were also collected, including age, gender, tumour and treatment characteristics, and time post-treatment.
| Interviews
Individual, semi-structured interviews were conducted with each participant. The study authors developed an interview guide containing 10 open-ended questions, each with an example set of prompting questions, following a review of the literature Jackson et al., 2016; .
Participants were asked to describe the nature and location of their HNL, any treatment they may have accessed for their HNL, and discuss any impact their HNL had on their swallowing, voice and speech function. Efforts were made to keep questions neutral in order to avoid interviewer leading and bias. For example: "tell me about your swelling" and "what do you think makes swallowing difficult?" The interview guide was trialed with a patient who had completed treatment for HNC, and who was currently experiencing HNL. Following this, the transcript was reviewed and as there were no overt difficulties or instances of patient confusion during the interview, the study authors retained the interview guide and made no further changes to the 10 questions.
Participants were given the interview guide prior to their interviews. This was undertaken to ensure that participants had the opportunity to reflect on their personal experiences, which encouraged more detailed responses (Patton, 2015) . During the interviews, the 10 open-ended questions were asked to ensure the interviewer covered all aspects with each participant (Patton, 2015) ; whilst the prompting questions were individualised and used to seek clarification or elaboration, and explore issues raised by participants. As 
| Data analysis
Thematic analysis was conducted using an inductive analytic approach (Braun & Clarke, 2006) . The investigators moved beyond their former knowledge and conceptualisations regarding the impact of HNL on swallowing, voice and speech function, and generated new concepts and explanations regarding the specific nature of these impacts (Thorne et al., 2004) . The primary investigator initially used open coding to systematically examine the data and generate initial codes (Braun & Clarke, 2006) . Related codes and categories were then collated into potential themes.
Constant revision of these themes was undertaken as new data was introduced. This process ensured that the themes encompassed the richness of the entire dataset, whilst also protecting against the retention of former conceptualisations (Thorne et al., 2004) . Consensus coding was then conducted by two speech pathologists on 50% of the transcripts. Three of the main themes were identified by these reviewers. There were minor discrepancies surrounding the final theme, and these discrepancies were discussed until consensus was reached. This process also assisted in minimising bias. Member checking was then undertaken to verify and assess the trustworthiness of the themes (Birt, Scott, Cavers, Campbell, & Walter, 2016) . Participants were sent a survey and asked to comment on the accuracy of the themes, compared with their experiences. Nine participants returned the survey and they largely agreed with the themes and examples that were proposed. Points of disagreement were minor and related to specific points raised by some participants which were not experienced by others. This was assessed as being consistent with the variability in symptom presentation and severity within the cohort. As there was no common point of disagreement, the themes were maintained and no changes were made. Finally, the number of participants who commented on each theme or category ("n") and the number of times each theme or category was referred to ("ref") was recorded. This process was undertaken to further demonstrate experiences that were prevalent for participants; whilst also demonstrating that there was some individual variation within this clinical population.
Within the analytic process, participant specific information regarding the presence, location and severity of their HNL was also considered. This step is nonconventional in qualitative analysis; however, some of the variability in symptom presentation and severity was able to be informed by this clinical data. This information has therefore been included to add further depth to our results and interpretation.
| RE SULTS
Demographic and treatment details for the 12 recruited participants are summarised in Table 1 The prevalence of HNL and its impact on function revealed that 11 participants felt that their HNL made it harder for them to swallow, and four participants felt that their HNL specifically impacted on their speech. Ten participants also described a change in vocal quality and/or pitch. However, the majority believed that these issues were multifactorial, and the presence of xerostomia was often recognised as the main influencing factor. It was therefore difficult for participants to discuss the specific impact of HNL on their voice. voice, analysis of data relating to voice function was discontinued.
Only data relating to how HNL was felt to influence swallowing and speech was explored.
Four themes emerged from the interviews. Three of these themes specifically related to the experiences of patients with HNL and its impact on swallowing and speech. These themes included:
"it feels tight;" "it changes throughout the day;" and "it requires daily self-monitoring and management." The fourth theme "it affects me in other ways" was more general and referred to comments about HNL and its impact on other functions.
The first theme "Theme 1: It feels tight" pertained to descriptions of sensory changes within the head and neck region; which were provided by all participants. This was the most salient theme to emerge from the analytic process because it was often described as a precursor to subsequent swallowing and speech issues. Two subthemes emerged which related to the perceived sensation of external HNL verses internal HNL. Eight participants described their external HNL as making the affected areas on their face and neck feel "tight"
and three used similar descriptors, including "firm" and "stiff" (ref 
| D ISCUSS I ON
Recent quantitative studies have begun to establish the relationship between the presence of HNL and its impact to swallowing, voice and speech function Jackson et al., 2016; Piso et al., 2001; Smith et al., 2015) . However, the specific nature of these impacts from a patient perspective has not been previously presented. The current study has revealed that many participants perceived their HNL to directly impact their swallowing, whilst some also experienced impacts to speech function. The impact of HNL on voice was unable to be determined as most participants believed their voice was impacted by multiple factors, such as xerostomia and secretions, and not isolated to HNL alone. This study offers insights into the nature of the impacts to swallowing and speech, and offers valuable information for clinicians managing patients who experience HNL.
All participants had some degree of external and/or internal HNL which co-occurred with reports of altered sensation within the head and neck region. Feelings of tightness, heaviness and feeling swollen on the external face and neck were highlighted, which is consistent with previous research Deng et al., 2015; McGarvey et al., 2013) . The vast majority also described altered sensation in relation to the presence of internal HNL, which has also been previously documented . The presence of altered sensation is often one of the first symptoms described by patients with HNL . Deng et al. (2015) found that there was a high occurrence of these symptoms in patients with HNL, compared to patients without HNL.
Hence the concept of altered sensation has important clinical implications. Attention to these patient-reported symptoms may allow clinicians to screen, diagnose and treat new or emerging HNL in a timely manner.
The vast majority of participants felt that that their HNL had altered their swallow function; which many attributed to the feeling of tightness and swelling within their pharynx. Multiple authors have suggested an association between HNL and increased issues with swallowing Jackson et al., 2016; Murphy & Gilbert, 2009; Murphy & Ridner, 2010; Murphy et al., 2007; Piso et al., 2001; Smith et al., 2015) .
Internal HNL has the potential to cause significant thickening and stiffness of the pharyngeal and laryngeal structures; thereby affecting their range of movement and contractibility (Eisbruch et al., 2004; Jackson et al., 2016; Murphy et al., 2007) . This may result in prolonged pharyngeal transit time, reduced pharyngeal clearance, and laryngeal penetration and aspiration Jackson et al., 2016) . Data from the current study suggest that HNL causes noticeable changes in oropharyngeal swallow for some patients. However, it is also recognised that there also be other influencing factors, such as xerostomia, secretions, and/or fibrosis.
Whilst swallowing changes were reported by the vast majority of participants, only a small number felt that their internal HNL impacted on their speech function. This finding may be reflective of the small number of participants treated with postoperative radiotherapy; as anecdotal evidence suggests that this patient group is at highest risk of experiencing impacts to speech, likely due to both surgical and radiotherapy effects. Participants who reported speech changes felt that swelling of their tongue impacted on their ability to speak clearly and be understood by others. These findings offer support for the notion that HNL in the oral cavity may further impair the functioning of the structures used in articulation .
The findings are also consistent with a small number of studies that have noted patient-reported speech imprecision and unintelligibility in patients who experience HNL Piso et al., 2001 ).
Multiple participants discussed temporal changes in their HNL
and corresponding fluctuations to their swallowing and speech function throughout the day. Many stated that they had to monitor their swallowing and implement additional compensatory strategies when temporal changes occurred. One participant also noted temporal changes in their speech function. This pattern of temporal change was more often described by those patients with soft and nonpitting external HNL, rather than firm and pitting external HNL. It is known that temporal changes in HNL exist and that swelling often increases overnight McGarvey et al., 2013) ; likely due to positioning and the negative effects of gravity during sleep, which may lead to an accumulation of lymph fluid. However, this is the first study to document temporal changes specifically within swallowing and speech function, and highlight the subgroup of patients most likely affected. There is a need for clinicians to be aware that patients who experience HNL may encounter temporal changes and that their swallowing and speech function may fluctuate throughout the day.
Due to the impact of HNL and its associated temporal changes, the need for daily self-monitoring and management was noted to be vitally important by participants. All were completing some form of daily home management for their external HNL, in an effort to relieve their symptoms. This finding is consistent with prior studies which have reported high rates of self-management within this patient population Smith et al., 2015) .
Participants also stressed the importance of monitoring their swallowing and speech function and implementing compensatory strategies accordingly; such as diet modification, additional fluid washes, and clear speech strategies. These findings reinforce the need for speech pathologists to prepare these patients with contingency plans and appropriate compensatory strategies for when they encounter increased difficulties at mealtimes and in their speech due to fluctuating HNL effects.
The vast majority of participants also discussed other ways in which their HNL had altered their life and function; including their emotional wellbeing, sleeping and breathing. Many functional and psychosocial impacts have been associated with HNL McGarvey et al., 2013; Murphy & Ridner, 2010; Smith et al., 2015) ; and the desire for the current participants to discuss these during their interviews, highlights the widespread impact HNL can cause to patient function. It also reinforces the need for a multidisciplinary team approach to patient management in order to support patients in minimising all of the associated impacts and optimise their quality of life.
| Limitations
Despite the utilisation of a convenience sampling strategy, the participant sample is diverse. It includes participants treated with both surgical and nonsurgical treatments, participants at a variety of time-points post-treatment, those with both external and internal HNL, and those with different HNL severity levels. However, this diversity may also be a limitation of the study. Future research that limits the participant sample to those with similar treatment and HNL variables may provide different insights into the impact of HNL on swallowing and speech function. This study also made no attempt to separate the early and late impacts of HNL, and all participants were recruited from the same service. Future research that explored the trajectory of HNL and its impacts would be valuable.
Recruitment from a number of different services may also highlight differing patient perceptions and ideas on support. Furthermore, it is recognised that patients with a diagnosis of nasopharyngeal, laryngeal and hypopharyngeal cancer are not represented in this study, which may also be seen as a limitation.
This study also intended to examine the impact of HNL on voice function. However, whilst most participants reported a change in their vocal quality and/or pitch following treatment, they believed that these issues were multifactorial and the impact of HNL alone was unable to be determined.
| CON CLUS IONS
Many participants within this cohort felt that their HNL had a negative impact on their swallowing and speech function. Insights from their experiences reveal that the presence of HNL may have contributed to increased difficulty swallowing, had negative effects on bolus flow, and also had an impact on the speed and precision of their articulatory movements for speech. These functional changes often fluctuate with HNL symptoms, and therefore require patients to monitor their function on a daily basis and implement compensatory strategies as required; such as diet modification, additional fluid washes, and clear speech strategies. Speech pathologists need to be aware of and monitor their patients for HNL and any associated impacts on swallowing and speech function, and ensure they prepare patients with contingency plans to manage times of increased difficulty. The multidisciplinary team also need to remain aware of the widespread impacts of HNL, including swallowing and speech changes, so that symptom management and supports are provided in a timely manner for all patients.
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